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CHAPTER I 
INTRODUCTION 
THE TWO-PHASE REGION OF THE GALLIUM -
MERCURY-INDIUM SYSTEM 
CHAPTER I 
INTRODUCTION 
The purpose of this research is to determine to what extent can 
the known low miscibility of gallium and mercury persist in the presence 
of an increasing concentration of indium. Another goal is to determine, 
in a limited way, the effect of temperature on this system. For this 
reason the two temperatures of 35° C. and 50° C. were chosen. The initial 
working temperature of 35° C. was selected primarily because the melting 
point of gallium (29.780° Co) is above normal room temperature and also 
2 
to minimize the effect of its tendency to supercool on low temperature 
runs. 
3 
Bartholomay in his work observed that gallium and mercury were 
miscible to a limited extent at temperatures of 35°> 50° and 100° C. 
Banick and Denny have determined constitution diagrams for mercury-
indium and gallium-indium respectively. Their work indicated that indium 
could be expected to be very soluble in either mercury or gallium. This 
"Htf. F. Roeser and J . I. Hoffman, J. Research Nat. Bur. Standards 
1 3 , 6 7 3 - 6 ( 1 9 3 M . " ~ 
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Mo So Thesis, Georgia Institute of Technology, 1950. 
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Co J. Banick, The System Indium-Mercury, M = S 0 Thesis, Georgia 
Institute of Technology, I952. 
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particular property of indium in the presence of mercury and gallium is 
quite fortunate, since, it is easier to obtain equilibrium in an all 
liquid system than would otherwise have been possible if this were not 
true. 
It is customary to represent ternary systems such as this one on 
triangular coordinate graph paper. The three sides of the triangle repre­
sent each binary with temperature assuming a third dimension. In order 
to facilitate determing what effect each of the three components may have 
on one another within the triangular base block, isothermal conditions 
are maintained through the use of constant temperature bat'u and quanti­
tative analysis is then performed on the system. 
The method of analysis proposed by Bartholomay for the determina­
tion of mercury was found to be satisfactory in this work also. The mer­
cury determination consisted of simply reacting the sample containing 
mercury, gallium and indium with concentrated hydrochloric acid in the 
presence of a small piece of platinum wire. The oxidation potentials of 
the three components are such that mercury can be separated very nicely 
from the gallium and indium. The gallium and indium formed soluble 
chlorides while the mercury remains unaffected. The unreacted mercury 
can thus be determined quite readily by gravimetric methods. 
The determination of the soluble indium and/or gallium chlorides 
presented a unique problem in itself. Recourse was finally made to flame 
spectrophotometry with gratifying results, 
Bartholomay, op cit„ 
CHAPTER II 
EXPERIMENTAL 
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CHAPTER II 
EXPERIMENTAL 
Materials.--The mercury employed in this study was purified by atomizing 
it through a fine capillary and into a glass column which was nearly 
filled with a mixture of 3N HNO^ and 0.01N Hg 2(N0^) 2» The dimensions of 
the glass column were one and one-half cm. in diameter and approximately 
100 cm. long. Following the treatment with HNO^ the mercury was again 
atomized through the column, now containing distilled water. The washed 
mercury was run over filter paper until dry. The mercury thus treated 
had a bright metallic luster and was stored under argon in a closed con­
tainer. 
The indium used in this study was obtained from the Indium 
Corporation of America in the form of shot. This indium was reported by 
the manufacturer to be 99-97 per cent pure with traces of cadmium and 
zinc. No special purification was followed except for the removal of the 
oxide film. This can be done either by pickling with 6N HNO^ solution 
for approximately ten minutes or, as was found to be more convenient, 
scrapping off the oxide with a platinum spatula. 
The gallium was acquired from the Aluminum Company of America in 
five gram capsules. The suppliers claim a 99-95 P e^ cent purity with a 
trace of iron. To facilitate removing the gallium from the capsule, the 
manufacturer recommended freezing the material in a beaker containing dry-
ice and acetone. The brittle plastic capsule can then be broken very 
easily by a sharp blow. The solid gallium is then transferred to another 
beaker containing concentrated hydrochloric acid in order to remove its 
oxide coating. When it appears that the oxide has been dissolved, the 
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acid is removed and the gallium is rinsed with distilled water. Follow­
ing this treatment the gallium is transferred to a small Erlenmeyer-type 
flask having a ground glass top and cover and containing a previously 
prepared slightly acid GaCl,. solution. This solution is necessary to 
prevent the rapid contamination of the gallium from atmospheric oxygen 
and also to prevent the gallium from wetting the glass; it has a 
tendency to do this very readily. The slightly acid character of the 
solution prevents hydrolysis. 
Apparatus.--The experimental temperatures of 35° C. and 50° C. were main­
tained through the use of a constant temperature bath equipped with a 
Sargent circulating heater, mercurial thermoregulator and relay capable 
of maintaining temperatures within 0.01° C. Cooling coils are also pro­
vided for use during summer months when room temperature often times was 
higher than bath temperature. This was only true when the working tem­
perature was 35° C. 
The indium determination was conducted with a Beckman DU flame 
photometer equipped with a Model 14-300 photomultiplier attachment and a 
Model J4-020 hydrogen burner. The instrument must be turned on and 
allowed to warm for an hour or so before the burner is lit. The instru­
ment can be considered sufficiently warmed when the galvanometer stops 
migrating to any great extent. An investigation of the flame spectrum 
of indium indicated the strongest line to be at a wave length of k^l.l H I / H . , 
hence this wave length was used. The photomultiplier1s sensitivity was 
set at full and the selectivity at the midpoint position. The slit width 
and fuel pressure settings depend upon the. concentration range of the 
7 
indium. In this investigation a slit width of 0.03 mm. was used initially. 
Later, a new photomultiplier tube was installed, necessitating a reduction 
in the slit width to 0.0175 ™ . with subsequent enhanced resolution. The 
oxygen and hydrogen tank pressure were maintained at kO and 10 pounds per 
square inch respectively while the panel pressures were 11 and 5 pounds 
respectively. 
Procedure.--Mercury and gallium were pipetted from the previously purified 
stock solutions in amounts of approximately 0.35 grams of mercury and 0.15-
0.20 grams of gallium for each separate run. This amounts to roughly 
equal volumes. The indium was added in quantities which amounted to in­
crements of 5 P e^ cent of the weight of mercury. This simply means that 
the first run at a given temperature will contain 5 Pe*" cent indium rela­
tive to the weight of the mercury used for this particular run; the second 
run will contain 10 per cent; the next, 15 per cent, etc. As the research 
progressed it was found advisable to increase the increments to 10 per 
cent. The relatively small amounts of mercury and gallium employed in 
each run was dictated by two reasons; one economic and one physical. With 
gallium selling at five dollars per gram, economy was of considerable 
import. From a physical point of view, small amounts of mercury and 
gallium would allow the indium to come to equilibrium more rapidly between 
and within the two layers than would be possible employing large quantities. 
Following careful, formulation of the constituents of each run in 
the manner described above, the mixture was transferred to a small test 
tube containing an acid solution of gallium chloride and mounted with an 
automatic stirrer. This assembly was inserted in the 35° C. constant 
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temperature bath and the mixture was stirred from 1 5 to 30 minutes. The 
blended mixture was then transferred to a thin walled pyrex tube having 
the dimensions 5 mm. by 1 0 cm. and allowed to stand for a period of 
approximately 1 2 hours. Occasional tapping was necessary in order to 
free the occluded hydrogen which formed as a result of a continuous but 
slow reaction between the slightly acid protection solution and the 
gallium and indium. 
7 
The use of a steel shot, as proposed by Bartholomay, for deter­
mining the bounding surface between the mercury and gallium had to be 
discontinued because of the catalytic effect the shot had on the above 
mentioned reaction„ It was feared that the stirring effects of such 
large quantities of hydrogen rising through the mixture would be detri­
mental to attaining equilibrium. This was partially verified by pre­
liminary experiments employing the steel shot. These experiments showed 
the mercury to be distributed in the gallium layer in a nonuniform manner. 
This fact was not observed by Bartholomay, primarily because of the 
method employed for determining the composition of the two layers, 
Bartholomay's determination consisted of allowing the gallium-mercury 
mixture to stand in the constant temperature bath for a period of time. 
The steel shot was added and allowed to come to some position which indi­
cated the bounding surface. At this juncture a complete physical separa­
tion of the gallium layer was performed right down to the steel shot. 
The top layer (gallium) was transferred to one container and the bottom 
layer (mercury) was transferred to another container„ 3oth of these 
Bartholomay, op, cit. 
7 
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containers were then returned to the bath and allowed to come to tempera­
ture . Analytical determinations were then performed on each separated 
layer. It was felt that this procedure does not present an adequate 
picture of the dynamic conditions as they existed initially with the 
two materials in contact with one another. Therefore, it was decided 
to analyze the system in question by extracting segments of sample, 
through the use of a specially prepared pipette, from the top to the 
bottom of the columnated mixture without the use of the steel shot and 
hence without separating the layers before analyzing. 
The individual segments were analyzed for per cent mercury and per 
cent indium. The per cent gallium was obtained by difference. The seg­
ment which was obtained from the region of the bounding surface between 
the gallium and mercury layers will have a composition that is character­
ized by widely different results than the ones noted for the segments both 
above and below it. The data obtained as a result of analysis on this 
"transition zone" segment, of course, was not included in determining the 
average position of composition points of either the gallium rich layer 
or the mercury rich layer on triangular coordinate paper. 
Mercury Determination.--The determination of the mercury composition of 
each of the segments mentioned in the previous section consisted of run­
ning the pipetted segment down a chute, made by folding a piece of filter 
paper without creasing, and into a tared weighing bottle containing some 
protective solution. It is necessary to remove the aqueous protection 
solution in some way before the segment is allowed to enter the weighing 
bottle, and the filter paper chute technique proved to be rapid and 
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efficient. The weighing bottle, cover, protective solution, and segment 
are now weighed. The difference between this weight and the weight of the 
weighing bottle, cover and protective solution, of course, gives the 
weight of the segment. 
Concentrated hydrochloric acid was added to dissolve the indium and 
gallium. Approximately one and one-half ml. was sufficient. The reaction 
proceeds normally at a very slow rate. If, however, a piece of platinum 
wire was added and brought into contact with the segment and the tempera­
ture was raised to 100° C , the reaction proceeds at a very rapid rate 
and was usually complete in an hour or so. The reaction temperature need 
not be precise. Consequently, any type of rheostatically controlled hot­
plate will suffice. It is imperative that a condenser be attached to the 
weighing bottle while it is on the hot-plate in order to prevent splatter­
ing and excessive evaporation. 
Upon completion of the reaction, as verified by the lack of hydro­
gen bubble formation, the weighing bottle is detached from the condenser 
and allowed to cool slightly. The soluble chlorides of indium and gallium 
are now pipetted into a 100 ml. volumetric flask and brought to volume. 
The usual procedure of washing with distilled water and incorporating the 
wash with the concentrated solution was performed. The platinum wire and 
adhered mercury were removed from the weighing bottle and dried between 
two pieces of filter paper and transferred to another piece of filter 
paper for weighing. After this weighing the platinum wire and mercury 
are dumped into a beaker containing concentrated nitric acid to dissolve 
the mercury. The platinum is rinsed with distilled water, dried and 
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weighed. l"..e weight of the platinum wire and filter paper were sub­
tracted from the previously obtained combined weight of filter paper, 
platinum wire and mercury, yielding the amount of mercury in the segment. 
The weight of mercury divided by the weight of the segment and multiplied 
by 100 gives the per cent mercury. 
Indium Determination.--The use of flame spectrophotometry as a means of 
determining indium in the presence of gallium was adopted only after 
separation by chemical means failed. A discussion of one of the chemical 
methods employed in this research, namely the one developed and applied 
supposedly quite successfully by Denny, is probably opportune. 
Denny developed a method for determining indium in the presence of 
gallium as a result of his work on the gallium-indium system which con­
sisted of dissolving both metals with nitric acid. Advantage was then 
taken of the relative amphoteric properties of the gallium and indium 
hydroxides. Both gallium and indium were reported to precipitate upon 
addition of 20 per cent sodium hydroxide. In a slight excess of this 
base, however, the gallium hydroxide redissolves while the indium hy­
droxide does not. The precipitated indium hydroxide was collected on a 
piece of coarse filter paper and then transferred to a tared porcelain 
eri'C.ible. The indium hydroxide was ignited and determined as the oxicle. 
Preliminary investigation by this author indicated that, indeed, 
the relative amphoteric character of the two constituents might be ex­
pected to be a means of separation. Two solution, one containing gallium 
ions only, the other indium ions only, were treated with 20 per cent 
J. P. Denny, op. cit. 
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sodium hydroxide. The solution that contained only gallium ions s^arted 
to precipitate after very little base was added. Precipitation was very 
heavy up until the solution registered neutral to litmus. At this point 
the precipitate completely disappeared. The solution containing only in­
dium ions, on the other hand, did not start to precipitate until the 
neutral point was reached. Several drops in excess, however, and the 
indium hydroxide started to redissolve. As a consequence of these cursory 
observations one would surmise that if close control and attention to 
procedure were followed, this technique might produce the desired results. 
Several experiments were conducted on mixed solutions containing 
known amounts of gallium and indium ions. Sodium hydroxide of the appro­
priate concentration was added to the mixture in amounts dictated by the 
previous test on solutions containing only one of the species. Care was 
taken not to allow too high a basicity and hence redissolve the indium 
hydroxide and at the same time measures were taken to insure the solution 
of the gallium hydroxide. Instead of using coarse filter to effect separa­
tion, as suggested by Denny, it was necessary, because of the fineness of 
the particle, to employ a tared gooch crucible and asbestos pad. After 
a thorough rinsing with distilled water, the crucible and indium hydroxide 
were fired to red heat for several minutes. Upon cooling the character­
istic red-orange color of In o0, was observed. The cncible and material 
2 3 
were repeatedly fired and weighed until a constant weight was obtained. 
From the weight of In^O^ obtained as a result of the above measurements, 
the amount of indium can be calculated. This procedure was applied to 
several known samples. In none of the attempts was it possible to obtain 
results which were less than it- per cent error. Obviously, this procedure 
left much to be desired and therefore it was abandoned. 
13 
Flame spectrophotometry, on the other hand, was alledged by the 
9 
Beckman Instrument Company to be capable of determining solutions con­
taining indium in concentrations of as little as one part in a million. 
This, indeed, appeared to be quite attractive. A search of the literature 
failed to reveal any previous attempts to determine indium in the presence 
of gallium with this instrument. 
As is customary when employing the flame photometer, it is necessary 
to determine initially the effect of the various constituents of the system 
on the emission intensity of the element to be determined. Fortunately, 
this system is comparatively simple since other than the indium, which is 
to be determined, only gallium and a certain concentration of hydrochloric 
acid (approximately 0,5 N) is present. 
The influence of hydrochloric acid was determined by preparing six 
solutions containing 100 ppm indium; 6 N hydrochloric acid was added to 
give concentrations of 0.2, O.k, 0.6, 0.8, 1.0, and 1.2 N. No noticeable 
effect on emission intensity was observed. Hydrochloric acid was not 
expected, therefore, to given any difficulties in the concentration range 
employed in the research. It is also of interest to note that Meloche,1^ 
while using this instrument to determine indium in aluminum bronze, re­
ported that no effect on indium emission could be observed when hydro­
chloric acid concentrations as high as 1.0 N were employed. 
The influence of gallium on indium emission was determined by pre­
paring four solutions containing 100 ppm indium and 0, 300, 600, and 900 
9 
Beckman Instrument Company Incorporated, South Pasadena, California, 
Data Sheet No. 2, May 1952. 
1 0 V . W. Meloche, Anal. Chem. 26, 1367 (August 195*0. 
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ppm gallium respectively. The results obtained for these samples are 
given in Table 1 and are plotted in Figure 1 (Appendix I). The depres­
sion caused by gallium on the emission of indium is considerable in some 
cases. However, it is important to note that the intensity gradually in­
creases to a plateau which is indicative of the actual concentration of 
indium present. This was true in every case. 
Interference phenomenon of the type observed in this work has yet 
to be reported in the literature. Other types of interferences such as 
enhancing and suppressing effects are quite common. The enhancements and 
suppressions, however, are not reported to vary with time but remain con­
stant throughout the determinations. 
Table 1 The Influence of Gallium on 
Indium Emission Intensity 
Day 1 s t 2nd kth 7th 8th 
Indium Gallium 
Concentration Concentration Emission 
(ppm) (ppm) 
100 0 11 .9 H . 9 H . 9 11-9 H . 9 
100 300 10.8 11.3 H . 9 11-9 H - 9 
100 600 10 .7 11 .2 11.9 H . 9 11-9 
100 900 10 .6 10 .7 11 .9 H . 9 H - 9 
A discussion, which apparently explains the observed suppressions, 
is presented in Appendix II together with experimental evidence which 
tends to substantiate the mechanism presented. 
The evidence presented above certainly indicates that one could 
proceed with confidence and use the flame photometer to determine indium 
15 
in the presence of gallium if sufficient time is allowed to elapse between 
initial and final readings in order to insure maximum intensity readings. 
The indium concentration of an unknown sample can be obtained by 
comparing the intensity of the unknown against a standard curve and inter­
polating. Standard solutions were prepared by transferring the required 
amount of indium stock solution to 100 ml. volumetric flasks and diluting 
to volume. Standards of 100, 300, and 600 ppm indium were prepared in 
this manner. The emission of these standards was determined according to 
the procedure previously described. The data obtained are listed in 
Table 2 and are plotted in Figure 2 (Appendix I). 
Table 2. Data for Standard Curve 
Indium Corrected 
Concentration Intensity 
(ppm) 
100 11.7 
300 33.6 
600 67.9 
Experience has shown, however, that a curve of this type can lead 
to erroneous results becarse of flame instability. The needle adjustment 
valve on this particular instrument was unable to maintain the same flame 
intensity over long periods of time. This difficulty can be taken care 
of by running standards immediately after the individual unknowns. The 
emission Intensity of the unknown determines which standard to use. This 
procedure yielded excellent results. 
16 
Determination of unknown samples were run at various time intervals 
for periods of a week or more, depending on how long it takes the suppressed 
readings to come to maximum. The average maximum indium concentrations of 
those segments coming from the gallium rich layer were calculated. This 
average result together with the average mercury composition of the layer 
in question were plotted on triangular coordinate paper as shown on pages 
19 and 20. Determination of the points for the mercury rich layer were 
obtained in the same manner as described for the gallium rich layer. 
CHAPTER III 
DISCUSSION OF RESULTS 
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CHAPTER III 
DISCUSSION OF RESULTS 
The data obtained as a result of averaging the mercury, indium, 
and gallium content of the various segments for a particular liquid 
layer (gallium rich or mercury rich) are plotted on triangular coordinate 
paper for the two operating temperatures of 35° C . and 50° C . These 
plots are located on the next two pages. 
The results obtained at 35° C . indicates that indium is prefer­
entially soluble in the mercury liquid layer up to about 37 per cent 
indium. From this point on one finds the gallium rich layer rapidly 
increases in indium content up to the point where solid solution forms. 
At 35° Co solid solution forms when the indium is present in the mercury 
layer at a composition of about 62 per cent. It should be noted also that 
the gallium composition of the mercury layer increases markedly at this 
juncture. Up to this point the gallium composition remains rather 
constant. 
Attention is now directed to that portion of the curve which 
represents the gallium rich layer at low indium concentration. A glance 
at this portion of the curve indicates that without any indium present 
the mercury composition is about 6 per cent. From this point on, the 
mercury composition decreases to about 2 per cent with increasing in­
dium composition. After this point the mercury content increases very 
slowly to 3 per cent with increasing indium composition; then, of course, 
solid solution forms. 
19 
FIGURE 4. GALLIUM-MERCURY-INDIUM ISOTHERMAL CONSTITUTION DIAGRAM (50° C. ) . 
21 
The results obtained at 50° C. are more or less similar to those 
obtained at 35° C. Except that it is now possible to have more indium in 
the gallium layer before solid solution commences to precipitate. The 
gallium content of the mercury layer is rather low at low indium content. 
The gallium content is seen to increase slightly in the mercury layer as 
the indium content increases between 27 per cent and V7 per cent follow­
ing which it increases rather sharply to about 13 per cent gallium at 6k 
per cent indium. At this point solid solution forms. The same decline 
in the mercury content at low indium concentrations in the gallium layer 
is observed at 50° C. as was noted at 35° C. Following this decline the 
mercury content of the gallium layer remains fairly constant with in­
creasing indium composition until one approaches the vicinity where solid 
solution forms. Then the mercury content increases to about 6 per cent. 
Solid solution was observed when the indium concentrations in the 
gallium and mercury layers at 35° C. were 26 per cent and 62.5 per cent 
respectively. At 50° & solid solution was observed when the indium con­
centrations in the gallium and mercury layer were 39•5 per cent and 6k per 
cent respectively. These observations compare rather closely with the 
11 12 
results reported by Banick for the mercury-indium system and by Denny 
for the gallium-indium system. Banick reports solid solution formation 
at 60 per cent indium concentration for 35° C 0 and at 63 per cent for 
50° C. Denny reports solid solution formation in the gallium-indium system 
at 32 per cent indium for 35° C„ and 5^ per cent indium for 50° C. 
''""'"Banick, op. cit. 
"'"^ Denny, op. cit. 
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Sample calculations as performed for a particular run are given 
in Chapter I V together with tables which list the average results of the 
various points obtained at 35° C. and 50° C o 
CHAPTER IV 
SAMPLE CALCULATIONS AND DATA 
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CHAPTER IV 
SAMPLE CALCULATIONS AND DATA 
The calculations performed on run number 20 were chosen as being 
rather typical and for this reason they will be considered here in detail. 
For this run 0.3^ 85 gram of mercury was combined with 0.1*4-62 gram of 
gallium and 0 0 150*4- gram of indium. This yields 30.15 per cent indium on 
a basis of (In/in + Hg)l00 and 69.85 per cent mercury on a basis of 
(Hg/ln + Hg)l00. These two percentages should be kept in mind when re­
viewing the mercury and indium percentages as determined experimentally 
for the mercury layer of this run (Tables 3 and 6)» The gallium concen­
trations were deliberately omitted in these calculations in order to 
emphasize the affinity of mercury for indium. The ability of the mercury 
to attract by far the greater amount of indium relative to gallium in the 
concentration range of this run is shown quite clearly. 
Segment weights together with the amount of mercury found in each 
segment and the calculated mercury percentage are given in Table 3. The 
per cent mercury is obtained by simply dividing the weight of mercury by 
the weight of the segment and multiplying by a hundred„ 
As was noted earlier in the text, the indium and gallium are 
separated from the mercury as soluble chloride and are to be analyzed for 
indium by flame photometry. The results of a typical series of determina­
tions are listed in Table k. The indium concentration of each segment 
was calculated directly from the nearest standard. For example the 
corrected emission intensity of segment 20^" is 2.0. The nearest standard 
is standard # 1, with a corrected emission intensity of 11.8 corresponding 
2 5 
Table 3 . Mercury Determinations of Run No 0 2 0 
Segment No. 
Segment weight 0 . 0 4 3 1 0 . 0 4 8 0 0 . 0 9 2 0 0 . 0 8 4 1 O . O 8 9 6 0 . 1 1 5 8 O . I 3 8 8 
(grams) 
Hg weight (grams) 0 . 0 0 1 2 0 . 0 0 1 3 0 . 0 2 8 ? 0 . 0 5 9 1 O . 0 6 2 8 O . O 8 1 3 O . O 9 8 3 
Per cent Hg 2 . 7 8 2 . 7 1 3 1 . 2 0 7 0 . 2 7 7 0 . 0 9 7 0 . 2 1 7 0 . 8 2 
Average 2 . 7 4 * 7 0 . 3 5 
This segment was obtained from that region in the column which is 
in the phase demarcation zone. 
Table 4 . Indium Determination Using 
the Flame Photometer 
Instrument Selectivity, mid point; A , 4 5 1 . 1 m ^ ; slit, 0 . 0 2 ; 
Settings Sensitivity, 0 . 1 ; photomultiplier, full; load resistor, 2 
Standard # 1 
Standard # 2 
Standard # 3 
2 0 
2 0 
2 0 6 
2 0 y 
2 0 ' 
"^obs. Zblank I 
corr. 
ppm gm ' 1 0 0 ml. 
1 1 . 9 0 . 1 1 1 . 8 1 0 0 0 . 0 1 0 
3 7 - 2 0 . 1 3 7 - 1 300 0 . 0 3 0 
7 4 . 6 0 . 1 7 ^ . 5 600 0 . 0 6 0 
2 . 1 0 . 1 2 . 0 1 6 . 9 5 0 . 0 0 1 7 
2 . 3 0 . 1 2 . 2 18.64 0 . 0 0 1 9 
1 5 . 8 0 . 1 1 5 . 7 1 3 3 . 1 0 . 0 1 3 3 
3 0 , 6 0 . 1 3 0 . 5 246 .6 0 . 0 2 4 7 
2 3 o 2 0 . 1 2 3 . 1 1 9 1 . 0 0 . 0 1 9 1 
4 l . 5 0 . 1 4 l . 4 3 3 ^ . 8 0 . 0 3 3 5 
5 0 . 6 0 . 1 5 0 . 5 4 0 8 . 0 0 . 0 4 0 8 
to 1 0 0 ppm. 
calculated. 
From the following relationship the indium content of 20"*" was 
In content of 2 0 1 = ^ 2 ° ^ ^ 0 0 ^ = 1 6 . 9 5 ppm 
26 
The data listed in Table k represents only one determination on the 
flame photometer. Because of the possible interferences noted earlier in 
this paper, it is necessary to make several such determinations in order 
to insure obtaining maximum intensities. Table 5 lists these results for 
run No. 20. 
Table 5• Indium Content in Grams for Each Segment Deter­
mined by Flame Photometry Over a Period of Time 
Date 201 202 3* 
20^  
2 0 * 205 206 207 
Feb. 12, 1955 0.001*4- 0.001*4- 0.0109 0.0210 
Feb. 15, 1955 0.0017 0.0019 0.0133 0.02*^5 0.0191 0.033*^  o.oko& Feb. 19, 1955 0.0018 0.0019 0.0133 0.02*^3 0.0264 0.0333 0.0411 
Feb. 2*4-, 1955 0.027*^  0.03V7 0.0*^20 
March 1, 1955 0.02*42 0.0319 0.0399 
* 
Phase demarcation zone. 
By taking the results reported in Table 5 and dividing by the 
appropriate segment weight and multiplying by a hundred one obtains values 
of the indium per cent. The result of this type of calculation for run 
No. 20 is listed in Table 6. 
1 2 5 I4-
Segment 20 , 20 , 20, and 20 for the date Feb. 12, 1955, and 
5 
segment 20 for the date Feb. 15, 1955 show characteristic depressed re­
sults and therefore were not used in calculating the averages. For some 
6 7 
unexplainable reason the first determination of segments 20 and 20 for 
the date Feb. 15, 1955, show higher results than those obtained for the 
final determination of March 1, 1955-
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Table 6. Iridium Content in Per Cent for Each Segment 
Calculated from Data Listed in Table 5 
Date 201 2 3 20 20^  4 5 20 20^  206 20^  
Feb. 12, 1955 3.25 2.92 11.85 24.97 
Feb. 15, 1955 3.94 3.96 14.46 29.13 21.32 28.84 29.39 
Feb. 19, 1955 4.18 3.96 14.46 28.89 29.46 28.76 29.61 
Feb. 24, 1955 30.6 29.97 30.26 
March 1955 27.OI 27,55 28.75 
Average 4.0 * 29.1 
* 
Phase demarcation zone, not used in calculating average. 
Tables 7 and 8 list the average mercury, indium, and gallium com-
positions for the plotted data at 35° C. and 50° C. respectively. 
Table 7. Average Mercury and Indium 
Composition at 35° C. 
Layer Run No. Hg Content In Content Ga Content 
(Per Cent) (Per Cent) (Per Cent) 
Ga 18 3.8 95.75 
Hg 18 80.1 18.8 1.1 
Ga 19 3.5 2.4 94.1 
Hg 19 76.2 22.5 1.3 
Ga 20 2.7 4.0 93.3 
Hg 20 70.4 29.I 0.5 
Ga 21 2.3 5.7 92.0 
Hg 21 65.3 33.7 1.0 
Ga 22 2.0 6.6 91.4 
Hg 22 61.3 37-3 1.4 
Ga 23 2.4 11.7 85.9 
Hg 23 51.1 47.1 1.8 
Ga 24 2.3 19.6 78.1 
Hg 24 39.7 58.2 2.1 
Ga 25 2.9 25.9 71.2 
Hg 25 31.4 61.7 6.9 
28 
Table 8. Average Mercury and Indium 
Composition at 5 0 ° C. 
Layer Run No. Hg Content In Content Ga Content 
(Per Cent) (Per Cent) (Per Cent) 
Ga 30 6.5 0.9 92.6 
Hg 30 89.7 9-3 1.0 
Ga 31 4.6 2.2 93.2 
Hg 31 79.6 19.4 1.0 
Ga 32 2.8 4.6 92.6 
Hg 32 69.8 27.3 2.9 
Ga 33 2.6 6.9 90.5 
Hg 33 62.5 35.0 2.5 
Ga 34 2.5 13.8 83.7 
Hg 34 50.2 47.0 2.8 
Ga 35 2.8 20.7 76.5 
Hg 35 39.7 54.2 6.1 
Ga 37 4.9 39.8 55.3 
Hg 37 22.2 64.4 13.4 
CHAPTER V 
SUMMARY 
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CHAPTER V 
SUMMARY 
As a result of work by other investigators, gallium and mercury 
are known to be only slightly soluble in one another, whereas, indium 
was found to be very soluble in both gallium and mercury when considered 
individually. In this research the influence of indium on the solubility 
of gallium and mercury is determined at two temperatures (35° and 50° C.)° 
The data is presented on triangular coordinate paper. The points, with 
their corresponding tie lines, indicate that indium is preferentially 
soluble in the mercury layer up to about 37 per cent at 35° 0. and 35 
per cent at 50° C As the indium concentration is increased beyond these 
points more and more indium finds its way into the gallium layer. Finally, 
when the indium concentration in the mercury layer reaches approximately 
62 per cent at 35° C. and 65 per cent at 50° C. a solid solution forms. 
Further addition of indium simply increases the amount of solid solution 
that forms but does not change the concentrations in the gallium rich and 
mercury rich liquid layers. 
The change in temperature has the net effect of increasing the in­
dium solubility in the gallium layer to a considerable extent. The 
increase in temperature slightly increases the concentration of mercury 
in the gallium layer. 
The data was obtained by analyzing a columnated mixture of gallium, 
indium, and mercury after the mixture was allowed to come to equilibrium 
at the particular operating temperature. At equilibrium the mercury rich 
layer separates and Is found on the bottom of the column and the gallium 
3 1 
rich layer on top. Segments are extracted from the top to the bottom of 
the column. Each segment is analyzed for mercury by reacting the segment 
with concentrated hydrochloric acid in the presence of a small piece of 
platinum wire. The mercury remains unreacted and can be determined gravi-
metrically. The indium and the gallium form soluble chlorides. These 
chlorides are transferred to 1 0 0 ml. volumentric flasks and raised to 
volume. 
The indium is determined via flame photometry and the gallium is 
obtained by difference. 
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FIGURE 2. INDIUM STANDARDIZATION CURVE. 
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A PROPOSED MECHANISM FOR THE SUPPRESSION AND RECOVERY OF 
INDIUM EMISSION INTENSITY IN THE PRESENCE OF GALLIUM 
The discussion which follows formed the substance of a paper pre­
sented by D. Schleuter and P. Foster before the Georgia Academy of 
Sciences on April 29 , 1955, and is to be published at a later date in the 
Academy's bulletin. 
The initial suppression followed by recovery of emission intensity 
of the indium in the presence of gallium as a function of time indicated 
strongly that the phenomenon could be explained in terms of some form of 
oxidation-reduction mechanism. 
12 +3 
Latimer states that only the In specie has been known to 
+3 
exist in an acid solution, whereas it is quite possible to have both Ga 
+2 
and Ga under similar conditions. This means, of course, that the stan-
+3 
dards employed in this research could contain only In . The use of 
standardized curves as a means of determining the indium concentration 
+3 
of an unknown sample would indicate the amount of In present, only. 
+2 
If other cations are present in solution, such as Ga , which have the 
+3 
ability to reduce the effective In concentration, then it would appear 
reasonable to expect the type of results reported. 
13 
Indeed, a utilization of Latimer's oxidation potential presents 
+3 +2 
a favorable free energy for the reduction of In by Ga 
39 
In"1"5 + e = In"1"2 E Q = - 0.^5 
G a + 2 = G a + 5 + e E = + O .65 
o 
I n + 5 + G a + 2 = I n + 2 + G a + 5 A E = + 0.26 
o 
AF = - n F A E Q 
Also, calculation of the equilibrium constant K from the above A E in-7
 e o 
dicates a favorable equilibrium. 
k 
K = 1.75 x 10 
e 
As mentioned previously, although a depression in the emission of 
indium was initially observed, the emission gradually increased to values 
which were indicative of the true concentration. This can also be explained 
in terms of oxidation potentials, if one considers atmospheric oxygen as 
the instrument of oxidation. 
2In + 2 - 2e = 2In + 5 E = 0 . ^ 5 
o 
0 o + 2H + + 2e = H o 0 o E = O .685 2 2 2 o 2In + 2 + 0 o + 2H + = 2In + 5 + H o 0 o AE = 1.132 2 2 2 o 
Substituting this value of A E Q in the following expression we again 
obtain a favorable free energy. 
A F = - nF"AE Q 
The subsequent calculation of the equilibrium constant from 
0.05916, 
o = — T ^ - l o S K e 
yields a rather substantial K 
e 38 K = 2 x 10 . 
e 
Clearly, these calculations indicate that the reduction of indium 
+2 
from the +3 to the +2 state by Ga is possible. This reaction, followed 
ko 
by the oxidation of the In to In due to the action of atmospheric 
oxygen certainly is very probable. 
To substantiate the occurrence of the proposed interfering reactions 
the indium solutions listed in Table 9 were prepared. 
Table 9 . Environment Control in Interference Studies 
Solution Indium Gallium Environment 
(ppm) (ppm) 
*2 100 100 Argon was bubbled through 
K 100 300 solution for 30 minutes. 
\? 100 600 Solutions were maintained 
under argon. 
1 
C2 
100 100 Oxygen was bubbled through 
C 5 100 300 solutions for 30 minutes 
c 5 100 600 after preparation. 
The "b" solutions were kept under argon in hope of preventing the 
atmospheric oxidation reaction from taking place. In other words the 
emission intensity readings of the solutions should remain suppressed as 
long as they were maintained under argon. This indeed was the case as 
the results in Table 10 will verify. The oxidized solutions "c" on the 
other hand, should give maximum intensities from the very start. This 
too is verified in Table 10. 
Table 10. Emission Intensities of Environment 
Controlled Solutions 
Day 1st 2nd 4th 6th 7th 
Solutions Emission 
Std * 11.9 11.9 11.9 11.9 11-9 
b 1 11.9 11.9 11.9 11.9 11.9 
b 2 10.8 10.8 10.9 10.9 10.9 
b 3 10.5 10.6 10.6 10.7 10.7 
1 
c 
H.9 11.9 11.9 11.9 11.9 
2 
c 
H.9 11.9 11.9 11.9 11.9 
c 5 11.9 11.9 11.9 11.9 11.9 
Standard solutions, 100 ppm indium only. 
